Specific Adsorption of Semliki Forest Virus on a Disulphide-linked Immunosorbent
Derived from Rabbit Antibody (Accepted 23 November I967)
Immunosorbents derived from antibody either by attachment to an insoluble matrix (Gallop et al. i966) or by polymerization (Stephen, Gallop & Smith, I966; Chidlow, Stephen & Smith, I967; Avrameas & Ternynck, I967) have been used to separate proteins from mixtures, but their application to the purification of viruses from host products and from heterologous viruses has so far been limited to acid-stable plant viruses (Galvez, I966) . This communication describes experiments indicating that disulphide-linked immunosorbents (Stephen, Gallop & Smith, I966) can be used to separate animal viruses from cellular material by specific adsorption and subsequent desorption. Semliki Forest virus was chosen for these studies because arboviruses appear to be particularly difficult to separate from contaminants of host origin, it is easy to manipulate and assay and a hyperimmune rabbit antiserum was already available.
Semliki Forest virus (strain vg67) at the fourteenth infant mouse brain passage (SM I4) was passed once in chick embryo cells under Parkers' medium I99 with 5 % unheated calf serum. After removal of cell debris by low-speed centrifugation virus suspensions were kept below -7o ° until used. Thawed, undiluted suspensions (pH about 7"3) contained I to 5 × Io8 p.f.u./ml.; dilutions atpH 7.o were made in phosphatebuffered saline (PBS 2 of Gallop et al. I966) containing bovine serum albumin (BSA), o-I %. Virus was assayed by a modification of Cooper's (I955) technique using agar suspensions of chick embryo cells (C. J. Bradish, personal communication); the reproducibility of the assay was of the order of +_ 15 %-The stability of the virus at various pH values was examined to define the pH limits for adsorption and desorption studies. The original suspension and tenfold dilutions in appropriate buffers were assayed after standing for various times at 5 °. The previously observed instability at pH values less than 7-0 (C. J. Bradish, personal communication) was confirmed but under alkaline conditions the virus resisted rapid deactivation. The original virus suspension and dilutions at pH 7"o were stable for 24 hr at 5 °, and the virus could withstand a short period at pH 1 I.I in a bicarbonate+carbonate buffer (K~CO3 ~7"o g.; NaHCO3 I'5 g./ 1.; adjusted to pH iI.I with NaOH) containing o.r % BSA (Fig. 0 .
Disulphide-linked immunosorbents (Stephen et al. 1966) were prepared from y-globulin concentrates (Smith et al. I962 ) of anti-Semliki Forest virus hyperimmune rabbit serum. The latter was produced by injecting rabbits intravenously with Io ° p.f.u. mouse-brain-derived Semliki Forest virus (passage SMI4) four times at monthly intervals, and bleeding monthly from the fifth month. Various batches had serumneutralization indices (Bradish, Farley & Ferrier, I962) between 4"o and 5.o when assayed by plaque reduction in agar suspensions of chick embryo cells. Batches of immunosorbents were prepared using approximately one tenth of the quantities previously described (Stephen et al. I966). y-Globulin concentrates (3o to 4o mg. protein/ml. (Lowry et al. 1951) ) were thiolated to yield substituted proteins containing 5 to I I thiol groups per mole. Oxidative cross-linking of these proteins produced, in 4 ° to 8o % yield, insoluble polymers which were suspended in PBS 2 at pH 7.o. Similar preparations were obtained from the sera of unimmunized rabbits which had no detectable virus-neutralizing activity.
..~ Batch procedures were adopted in adsorption experiments, because the available quantities of immunosorbent were inadequate for the column procedures described for protein antigens (Stephen et al. I966). A suspension (o'5 ml.) containing o'3 ml. settled volume ofimmunosorbent (equivalent to 25 mg. protein derived from 3 to 4 ml. hyperimmune serum or 7 to IO ml. normal serum) was gently stirred with an undiluted suspension (2 to 8 ml.) of chick-cell-derived virus for z4 hr at 5 °. The immunosorbent was collected by centrifugation and washed by gentle magnetic stirring (I5 min., 5 °) 3 times with 4"0 ml. of PBS 2, pH 7"0 containing o. 1% BSA. The total virus content of the supernatant was compared with a control sample of the original suspension kept for z4 hr at 5 ° (experiments showed that gently stirring did not significantly reduce the virus titre), thus indicating the amount of virus adsorbed. Preparations from normal rabbit serum were treated similarly. Sixty-five to 98 ~o of the virus was adsorbed by the immunosorbent but very' little by the preparation from normal rabbit serum (Table 1) .
Retrieval of virus from the polymer + virus complexes was attempted by three washings with carbonate buffer (see above; containing o.1% BSA) at pH II.t (3×4"om1., stirred for 3o, 3o and 6o min. respectively). The total virus content of these washings was estimated. Ten to 36 % of the original infective virus was recovered from the immunosorbent whereas insignificant quantities (< o'3 %) were recovered from the preparations from normal serum (Table I) supporting the evidence for the absence of significant adsorption by these preparations. The immunosorbents could be recycled, without loss of efficiency at the capacity tested. These figures are from typical experiments with two batches of immunosorbent and four batches of preparations from normal rabbit serum. In Expts l, 2 and 5, 2 ml. of virus suspension was used; in 3, 4, 6 and 7, 8 ml.
* In some experiments, the behaviour of more than one sample was examined. ~" Immunosorbent of experiment (a) re-equilibrated in PBS 2 and re-cycled.
A considerable purification of virus from tissue cell products was achieved by this procedure. The protein content (Lowry et al. 1951) of the virus-depleted supernatant fluid after treatment with the immunosorbent remained unaltered (5"25 mg./ml.). The protein content of the virus-containing carbonate buffer after desorption of virus was no more than the BSA content of the buffer. Furthermore, when human serum albuminlabelled with 181I (I mg. albumin, 9o,ooo counts/min., Gallop et al. 1966 ) was added to the crude virus suspension, more than 95 % of the radioactivity remained in the supernatant and washings after treatment with the immunosorbent or the preparation from normal rabbit serum. The activity in the washings at pH x I-I was not significantly higher than background.
Short communications
The results reported justify further work on the development of immunosorbents for virus purification; the antibodies remain as a solid matrix causing little permanent neutralization of virus infectivity. Experiments are in hand with a fully homologous host-system for the elution of Semliki Forest virus grown in chick embryo cells from an immunosorbent prepared from fowl antibody, thus not only minimizing the extent to which the immunosorbent contains antibody sites complementary to either host products or host-specific sites on the virus surface, but also maximizing correspondence between virus and antibody (McGee-Russell & Gosztonyi, I967; Acheson & Tamm, 1967). Furthermore, the use of column techniques allows more efficient adsorption, separation and desorption. The experiments aim at investigating the optimal conditions for virus adsorption and desorption, the maximum capacity of the immunosorbents, the possibility of using an immunosorbent several times, the degree of purity of the eluted virus and the degree of adsorption-elution specificity with regard to the differentiation of virus strains or the separation of virus subpopulations.
